ABSTRACT A model is presented that seeks to explain quantitatively the stellar abundances of r-process elements and other elements associated with the r-process sites. It is argued that the abundances of all these elements in stars with can be explained by the contributions of three sources. (A [ 130) r-elements but no Fe (presumably leaving behind black holes). The L events are of low frequency and produce Fe and dominantly light r-elements (essentially none above Ba). By using (A [ 130) the observed abundances in two ultraÈmetal-poor stars and the solar r-abundances, the initial or prompt inventory of elements produced by the Ðrst generations of very massive stars and the yields of H and L events can be determined. The abundances of a large number of elements in a star can then be calcu- No evidence of s-process contributions is found in this region, but all the observational data in this region now show regular increases of Ba/Eu above the standard solar r-process value. Whether the solar r-components of Sr, Y, Zr, and Ba used here to obtain a Ðt to the stellar data can be reconciled with those obtained from solar abundances by subtracting the s-components calculated from models is not clear.
INTRODUCTION
We present a phenomenological model that seeks to explain abundances of a large number of elements in ultraÈ metal-poor (UMP) stars with [Fe/H] Recently, Burris et al. (2000) reported abundances of heavy elements, both above and below Ba, in 70 Galactic halo stars with a wide range in [Fe/H] . This new work and previous observations by, e.g., McWilliam et al. (1995) and Ryan, Norris, & Beers (1996) stimulated us to address the problem of chemical evolution in the early Galaxy. Recent studies have discussed Galactic chemical evolution of H to Zn (Timmes, Woosley, & Weaver 1995) and of heavy elements from Ba to Eu with both s-process and r-process contributions (Travaglio et al. 1999) . These studies have shown general trends for abundance ratios of di †erent elements to Fe as a function of [Fe/H] that converge on solar values. Raiteri et al. (1999) treated temporal evolution of asymptotic giant branch (AGB) stars and rates of Type II supernovae (SNe II) and simulated Galactic Ba enrichment. Their results on Ba/Fe show a wide scatter at low [Fe/H] as observed. This was attributed to local inhomogeneities in the interstellar medium (ISM) . In the present paper we will show that the abundances in UMP and MP stars follow almost quantitatively from a set of simple rules.
The present study is purely phenomenological and conÐned to where SNe Ia (an Fe source) [3 [ [Fe/H] \ [1 and low-mass AGB stars (the dominant s-process source) would not contribute signiÐcantly to the ISM. As pointed out by Truran (1981) , abundances of neutron capture elements (e.g., Ba) at low [Fe/H] are dominated by r-process contributions from SNe II. We focus on the most extensive and self-consistent data set so far available, that of Burris et al. (2000) , but treat data sets of Magain (1989) , Gratton & Sneden (1994) , and Johnson & Bolte (2001) as well. We will present the abundances resulting from production by the Ðrst generations of stars formed after the big bang and yields for two hypothesized types of SNe II. These results will be inferred from the observational data and not from theoretical models for the Ðrst generations of stars or for r-process production by SNe II. The r-process abundances (r-abundances) calculated from our model for UMP and MP stars will be compared with the observational data. More speciÐcally, the r-abundance of an element that represents the total abundance of all r-process isotopes of the element is calculated for comparison with observations as there are no data on isotopic r-abundances in stars other than the Sun. When referring to r-process nuclei, we consider both those that are the direct products of a rapid neutron capture scenario and those that may be produced by other processes closely related to the r-process in the same SN II event. The latter would include many nuclei with atomic masses of A D 90 that would be made in the a-process (Woosley & Ho †man 1992) . If a sufficient neutron abundance existed at the end of the a-process, the nuclei with A D 90 would become the seed nuclei to capture the neutrons during the subsequent r-process. Otherwise, these nuclei would experience no further processing and would be a part of the SN II ejecta. The a-process could be the dominant source of Sr, Y, and Zr.
T he Basis of the Phenomenological Model
It is assumed here that SNe II are the source of r-process nuclei (r-nuclei). The abundances of the r-nuclei 182Hf and 129I in the early solar system (ESS) are well established. These data require that the SNe II responsible for 182Hf not produce any signiÐcant amounts of 129I (Wasserburg, Busso, & Gallino 1996, hereafter WBG96) . The frequency of this type of SN II was argued to be D(107 yr)~1 for a standard reference mass of hydrogen (see°1.2). The nuclide 129I was attributed to a di †erent type of SN II with a frequency of D(108 yr)~1. These hypothetical SN II types are called H and L events for "" high ÏÏ and "" low ÏÏ frequency, respectively. This approach assigns the dominant production of nuclei with A [ 130 ("" heavy ÏÏ r-nuclei) to the H events and the nuclei with ("" light ÏÏ r-nuclei) to the A [ 130 L events. Qian, Vogel, & Wasserburg (1998) developed a simple r-process model involving neutrinos to examine the di †erent conditions in H and L events that are needed to provide a split between the production of heavy and light r-nuclei at A D 130. Because of their much higher frequency, the H events were expected to be likely the Ðrst SNe II to inject r-nuclei into the ISM (WBG96). The e †ects of such "" Ðrst-generation ÏÏ SNe II should be apparent in the abundances of r-elements in UMP stars. Exquisite observations by Sneden et al. (1996 Sneden et al. ( , 2000 and Westin et al. (2000) have established that abundance ratios of many other heavy r-elements relative to Eu in UMP stars are remarkably constant and close to solar r-process values. This demonstrates that abundances of heavy r-elements in UMP stars appear to reÑect production by pure H events. Sneden et al. (2000) also found that the abundances of light r-elements such as Pd, Ag, and Cd in the UMP star CS 22892-052 were low relative to the solar r-abundance pattern that is translated to pass through the Eu data. This provides additional evidence that there should be at least two distinct types of SN II sources for the r-nuclei.
The available data on UMP stars (e.g., McWilliam et al. 1995 ; McWilliam 1998 ; Westin et al. 2000 ; Sneden et al. 2000 ; Burris et al. 2000) show that there is a wide range in the abundances of the heavy r-elements Eu and Ba (D2 dex) for stars with This clearly indicates [3 [ [Fe/H] \ [2.5. that heavy r-elements, including the chronometer Th, are produced without any signiÐcant coproduction of Fe, thus requiring that heavy r-elements and Fe be produced in different types of SNe II. There is little Ba in stars with (McWilliam et al. 1995 ; McWilliam [4 [ [Fe/H] \ [3 1998). Wasserburg & Qian (2000, hereafter WQ00) inferred that the large dispersion in Eu and Ba abundances at [Fe/H] D [3 was caused by H events adding heavy relements but no Fe to a preexisting inventory of elements in the ISM. This preexisting inventory of Fe and associated elements was called the initial or prompt (hereafter P) inventory and attributed to the Ðrst generations of very massive stars formed from big bang debris. It (Z100 M _ ) was further inferred that normal stars with masses of
D1È60
could only form in a medium with sufficient M _ metals to permit cooling during the collapse of a gas cloud. Normal stars with masses of D10È60 would later M _ become SNe II. Further evidence for the decoupling of heavy r-elements from Fe has been provided by the observations of the U-rich star CS 31082-001 ). This star with [Fe/H] \ [2.9 has extremely abundant Os, Ir, Th, and U, sharply exhibiting the e †ect that little Fe is coproduced with the heavy r-elements as argued by Qian & Wasserburg (2001b, hereafter QW01) . Figure 1 uted to the rapid occurrence of H events shortly after the onset of normal star formation.
The scenario adopted here for the evolution of r-process related elements over Galactic history is schematically shown in Table 1 . Some time after the big bang, baryonic matter condenses in dark matter potential wells. Only very massive stars can form from big bang debris. These stars explode and contribute newly synthesized material. The number of such events is not known, but many such disrupting events may be required to give [Fe/H] B [3 in an average parcel of the ISM or intergalactic medium (IGM). The ISM or IGM now has a changed chemical composition compared with big bang debris. When some of this material cools, there is condensation of gas to form a more or less normal stellar population that includes the progenitors for SN II H and L events and lower mass stars. This state of condensation can be achieved when the abundance of all metals in the ISM or IGM reaches or surpasses some critical value. A nominal value of [Fe/H] B [3 for the critical "" metallicity ÏÏ was inferred by WQ00 from the observational data on UMP stars. This appears to be supported by the recent results of Bromm et al. (2001) who have simulated the collapse and fragmentation of gas clouds with di †erent metallicities. The nominal value [Fe/H] B [3 will be used below for the P-inventory of Fe although the onset of "" normal ÏÏ astration may correspond to a possible range of
The Ðrst SNe II to contribute relements to the ISM are the most frequent and most probable H events. On a timescale of ?108 yr, the relative contributions of H and L events should approach welldeÐned values that are determined by the average frequency ratio of D10 : 1 and the yields of these events. From then on the evolution of r-elements and Fe would progress as if there were only one type of SN II with small statistical deviations (see the evolution of Ba abundance relative to Fe at [Fe/H] [ [2.5 indicated by the dot-dashed line in Fig.  1 ). At [Fe/H] D [1, SNe Ia begin to contribute and dominate the Fe production, as inferred from the O data (e.g., Timmes et al. 1995 ; Qian & Wasserburg 2001a) .
This approach sharply separates heavy-element production in the earliest epochs (epochs 2 and 3 in Table 1 ) from later production by SNe II (epochs 6 and 7) and from even later production by SNe Ia and contributions of evolved normal low-mass stars. The numbers of H and especially L events through epochs 6 and 7 are not very large (see°1.3) so that a discrete model is required.
For simplicity it is assumed that each H or L event has a Ðxed relative abundance pattern for the elements produced in each case and that the yields are constant for each H or L event. The average frequencies of these events are also assumed to be constant for a standard reference mass of hydrogen. The main results of the model only depend on the assumption of Ðxed yield patterns for H and L events (see°°1 .2 and 1.3). The key parameters of the model that must be determined by consideration of the observational data are the yields of H and L events for pertinent elements and the P-inventory composition that deÐnes the baseline to which the contributions of H and L events are added. As we are concerned with the addition of elements to the ISM or IGM whose hydrogen mass fraction is essentially not altered during Galactic chemical evolution, we will typically use a representation where the abundances are given relative to hydrogen. This is the standard spectroscopic notation log v(E) 4 log (E/H) ] 12 for element E where E is also used to represent the number of E atoms. The common notation [E/Fe] complicates the discussion and is avoided here as ranges in [E/Fe] may result from addition of either element E or Fe.
T ime-Dependent Evolution and Mixing
Consider a homogeneous system of gas with a timedependent total number H of hydrogen atoms. The rate of change in the total number E of E atoms in this gas may be written as
where is the total rate for injection of element E into £ i P E,i the gas after production by its sources and the last term accounts for the removal of matter from the gas by either astration or fragmentation (dH/dt \ 0 for both cases). The above equation may be rewritten as
Thus, if SN II H and L events are the only sources under consideration for element E and the SN II frequencies are proportional to the amount of hydrogen in the gas, then equation (2) reduces to the following for a homogeneous mass of gas :
or in the spectroscopic notation,
In equation (3), is the P-inventory, or (E/H) P (E/H) H (E/H) L is the number of E atoms produced per hydrogen atom in the gas phase by each H or L event for a standard reference mass of hydrogen that is assumed here to mix with the ejecta in each case, and or is the number of H or L n H n L events that have occurred in this reference mass. Now consider the mixture of two di †erent gas systems (with subscripts "" 1 ÏÏ and "" 2 ÏÏ) that have di †erent nucleosynthetic histories. For Ðxed values of and (E/H) P , (E/H) H , the abundance of element E in the mixture of two (E/H) L , gas masses can be written as
where It can be seen that a mixture of two gas systems with di †er-ent nucleosynthetic histories will result in a new system with e †ective values of and corresponding to the weighted n8 H n8 L averages of the contributing systems. As a result, all that mixing will do is change the values of and but still n H n L produce abundance patterns congruent to those resulting from H and L events. If the absolute yields of H and L events were to shift but the relative yields of one element to the other were maintained in each type of event, then the only result of this shift would again be to change and n H n L , but the same congruence of abundance patterns would be maintained. It follows that a wide range of removal by astration and mixing of matter with di †erent chemical evolution lead to a result that is indistinguishable from a simple history if the P-inventory composition and the basic relative yield templates of H and L events are Ðxed as assumed in this model. Thus, complex mixing and transport models are not required to pursue the approach used here but are e †ec-tively represented by the and values for a star. If the n H n L model assumptions are correct, then they provide a full basis for quantitatively determining the r-abundances in UMP and MP stars.
The frequencies of H and L events inferred from the abundances of 182Hf and 129I in the ESS, D(107 yr)~1 and D(108 yr)~1, respectively, correspond to a reference mass of hydrogen of for a total SN II rate of
and a total gas mass of D1010 in the M _ present Galaxy (Qian & Wasserburg 2001a) . This reference mass is also the total amount of ISM typically swept by an SN II remnant (e.g., Thornton et al. 1998 ). We take this as the standard reference mass of hydrogen to mix with the nucleosynthetic products of an SN II H or L event. We will use equation (4) with Ðxed parameters log v P (E), log v H (E), and to discuss abundances in UMP and MP stars. log v L (E) All quantities in this equation will be calculated for the above reference mass of hydrogen. The absolute yield of element E in units of mass for an H or L event, or
where or is the average atomic mass for the
In discussing the stellar observations, we consider that the observed stars formed from the immediate precursor ISM with the homogenized r-abundances of that local region. These r-abundances are not considered to have been altered by the subsequent evolution of the star. If the surface of a star is contaminated by some form of mass transfer from a companion (or nearby) SN II, then the observed abundance pattern should represent the products of that SN II (an H or L event), but the abundances would be greatly enhanced from those with which the star formed. The issue of what level of r-process enrichment is so large that an SN II companion (or neighbor) appears to be required has been discussed by QW01 and will be considered below (see°3.2).
1.3. Calculation of and n H n L Given the P-inventory, and the yields of H and log v P (E), L events, and the abundance of element log v H (E) log v L (E), E in a star, log v(E), can be calculated from equation (4). The numbers of contributing H and L events for the star, n H and are required for this calculation. If a certain element n L , is exclusively produced by H or L events, then or can n H n L be simply obtained from the observed abundance of this element in the star by using the yield of an H or L event for this element. McWilliam 1998) indicate that the P-inventory of heavy r-elements is negligible (WQ00 ; see Fig. 1 ). Observations also show that the abundances of Ba and above in UMP stars very closely follow the solar rabundance pattern (Sneden et al. 1996 Westin et al. 2000) . We consider that H events are the exclusive source for the heavy r-elements above Ba (possibly including Ba) with a yield pattern identical to the corresponding part of the solar r-abundance pattern (see°°2.1 and 3.1). Then the H yield of any heavy r-element above Ba can be used to calculate the value for a star. We use Eu (A D 151) for n H this purpose as it is typically observed in UMP and MP stars and its solar inventory is dominated by r-process contributions. SpeciÐcally, the solar r-abundance of Eu, (Arlandini et al. 1999) , was contributed log v _,r (Eu) \ 0.52 by H events for a frequency of yr)~1 n H _ \ 103 f H \ (107 over a period of 1010 yr prior to solar system formation (SSF ; see°1.4). Thus, log v
As little or no Fe is produced in H events (see°1.1), we consider that the Fe abundance at [3 \ [Fe/H] \ [1 results from contributions of L events being added to the P-inventory : 
The P-inventory of Fe is over-
whelmed by Fe addition from a few L events. Thus, the possible range in has little e †ect on the determi-[Fe/H] P nation of for MP stars. By using the above P-inventory n L and L yield of Fe, the value for a star can be obtained n L from equation (9) or from its equivalent in the [Fe/H] notation,
In all our works, SN II H and L events are considered to occur stochastically with frequencies of and in some f H f L standard reference mass of hydrogen throughout the Galaxy over Galactic history (WBG96 ; WQ00 ; , 2001a QW01) . At any given time t since the onset of SNe II, the probability for a standard P(n H , t) parcel of the ISM to have had a number of H events is n H given by the Poisson distribution
where is the average number of occurrences for H n6 H \ f H t events at time t. For L events a similar expression applies :
The variances of the distributions in equations (11) and (12) are and respectively. The square root of the variance, n6 H n6 L , or can be used as a measure of the variation in 
As the yield of element E relative to Eu for H events, or to Fe for L events, is assumed to be (E/Eu) H , (E/Fe) L , Ðxed, the observed Eu or Fe abundance in the star contains all the prior history of mixing and transport for the part of element E coproduced with Eu in H events or with Fe in L events. Thus, the fundamental problem in our approach to understand abundances in UMP and MP stars is to establish the P-inventory composition and the yield templates of H and L events that underlie the observations. These results will be presented in the form of log v P (E), and corresponding to log v
1.4. V alues of and n H _ n L _ We assume here that the solar abundances are representative of an average parcel of the ISM at the time of SSF. We use the values and to account for n H _ \ 103 n L _ \ 102 the part of the solar inventory that was contributed by SNe II over a total uniform production time of yr T UP D 1010 prior to SSF. These values are directly related to the frequencies of H and L events that were derived from consideration of meteoritic data on the abundances of 182Hf (with a lifetime yr) and 129I yr) q6 182 \ 1.3 ] 107 (q6 129 \ 2.3 ] 107 in the ESS (WBG96). The meteoritic data require that replenishment of fresh 182Hf in an average parcel of the ISM must occur on a timescale commensurate with its lifetime, which corresponds to a frequency of yr)~1 f H D (107 for H events in a standard reference mass of hydrogen. As discussed in°1.2, this frequency can be explained by considering the Galactic SN II rate per unit mass of gas and the total amount of ISM typically swept up by an SN II remnant. Although there may be a range of possible values for the observed abundances of heavy rn H _ \ f H T UP , elements in UMP and MP stars appear to be well represented by the H yields of these elements calculated by using For example, the lowest Eu abundances n H _ \ 103. observed in such stars (e.g., McWilliam et al. 1995 ; Burris et al. 2000) are remarkably close to the Eu yield of a single H event calculated from the solar r-
48] inventory of Eu for
In any case, a change in n H _ \ 103.
n H _ causes only a uniform shift in the H yields of the relevant elements as the yield template is assumed here to be Ðxed. Such a shift will not a †ect the basic results presented here (see°°1.2 and 1.3).
The timescale for replenishment of fresh 129I in an average parcel of the ISM required by the meteoritic data is much longer than its lifetime and corresponds to a frequency of yr)~1 for L events. A decrease in the f L D (108 replenishment timescale (corresponding to an increase in f L ) would cause an exponential increase in the abundance of 129I in the ESS. Many meteoritic measurements give a rather precise and very low value for this abundance e.g., Brazzle et al. 1999] , severely [(129I/127I) ESS \ 10~4 ; limiting any possible increase in Thus, we focus on the f L . e †ect of decreasing from 102. For 
T he Solar r-Component
In this study we are mainly concerned with the r-process. As discussed in°1.1, there must be at least two distinct types of r-process events. We associate both of these with SNe II, although they have not yet been proven to be the r-process sites. It was argued that the other candidate sites, such as neutron star mergers, would have difficulty explaining the observed r-abundances in UMP and MP stars if they were the principal source for r-nuclei . Extensive and very sophisticated parametric studies of high neutron density environments have been carried out to gain insights into the conditions that are required for the rprocess (Kratz et al. 1993 ; Ho †man, Woosley, & Qian 1997 ; Meyer & Brown 1997 ; Freiburghaus et al. 1999) . These studies are usually directed toward approximating the overall solar r-abundance pattern by the r-process production in a prototypical environment. However, there is as yet no sufficient guidance from these studies to explain the distinct types of r-process events discussed in°1.1 or to make reliable a priori predictions for the templates of rprocess yields (r-yields) that can be used in Galactic chemical evolution models.
As also discussed in°1.1, the Ðrst generations of very massive stars formed from big bang debris produced a Pinventory of Fe and associated elements but very little heavy r-nuclei. The formation and evolution of these stars and their nucleosynthetic products have been a longstanding problem (e.g., Ezer & Cameron 1971) and recently received renewed attention (e.g., Bromm, Coppi, & Larson 1999 ; Heger et al. 2000 ; Fryer, Woosley, & Heger 2001 ; Bara †e, Heger, & Woosley 2001 ; Bromm et al. 2001 ). However, so far there is not sufficient information from theoretical models to predict the composition of the Pinventory assigned here to the Ðrst generations of stars.
Our approach here is to determine some of the Pinventory composition and the r-yields of SN II H and L events from the observed abundances in several selected stars based on the phenomenological model laid out in°°1 .1È1.3. These results will be used in the model to calculate the abundances for UMP and MP stars in general. The calculated abundances will then be compared with observations. One of the selected stars is the Sun, whose so-called cosmic abundance pattern (mostly derived from meteoritic studies) has served as the key to understanding nucleosynthesis (Burbidge et al. 1957 ; Cameron 1957) . The part of the solar abundances required here is the r-process component (r-component) that is obtained by subtracting the s-process component (s-component) from the total solar inventory.
One of the better understood processes of stellar nucleosynthesis is the s-process (see review by Busso, Gallino, & Wasserburg 1999) . The site of this process is well established observationally to be thermally pulsing AGB stars. Theoretical models for the s-process are based on the wellunderstood (but not completely) laws of stellar structure and evolution and the nuclear reactions in the stellar interior that produce the neutrons for slow capture by the preexisting seed nuclei. The nuclear physics involved both in neutron production and in s-processing has been the subject of extensive theoretical and experimental work. Many cross sections for important neutron capture reactions have been reliably measured. The classical analysis of the s-process relies on mainly the nuclear physics input and adopts a suitable distribution of neutron exposures that in principle can be calculated from stellar models. This approach is particularly successful for the so-called main s-component (see Beer, & Wisshak 1989 for a Ka ppeler, review). The most recent s-process calculations of Arlandini et al. (1999) have emphasized the dependences of s-process yields on the initial mass and metallicity of AGB stars. Their calculations were embedded in very high quality stellar models with highly resolved structure of thermal pulses. They showed that the classical main s-component was very well reproduced by averaging the yields for models of 1.5 and 3 AGB stars with Z \ 0.5 (Z is the total M _ Z _ mass fraction of all elements above He, and is the solar Z _ value).
However, there are still questions with regard to the onedimensional stellar models used in the new s-process calculations, such as the conditions obtained at critical boundary layers in AGB stars. One fundamental problem is the formation of the 13C pocket that is the dominant source of neutrons [via 13C(a, n)16O] in the new stellar models. By assuming that the mass of the 13C pocket is constant for AGB stars with di †erent metallicities, it was shown that the neutron-to-seed ratio for the s-process increases with decreasing metallicity, giving rise to preponderant production of heavier elements by low-metallicity AGB stars (Gallino et al. 1998 ). This result is very plausible. However, it appears to be in conÑict with the recent observations of LP 625-44 (Aoki et al. 2000) . This star has [Fe/H] \ [2.7 and is enormously enriched in heavy elements from Ba and above. The high enrichments in LP 625-44 were attributed to surface contamination by mass transfer from an evolved AGB companion with the same metallicity [Fe/H] \ [2.7 (Aoki et al. 2000) and do not reÑect signiÐcant s-process addition to the ISM from which the star formed. The abundance pattern from Ba and above in this star matches that of the main s-component calculated by Arlandini et al. (1999) from models of AGB stars but with Z \ 0.5 As Z _ . pointed out by Aoki et al. (2000) , this abundance pattern is not in accord with models of low-metallicity AGB stars that have very high neutron-to-seed ratios : the observed Pb/Ba ratio is lower by 2 orders of magnitude than the value predicted by Busso et al. (1999) from stellar models with
On the other hand, the observed abundances of Sr, Y, and Zr relative to Ba are a few orders of magnitude lower than what would be expected for stellar models with Z \ 0.5
The s-process in low-metallicity Z _ . AGB stars thus remains open to investigation, particularly with regard to the magnitude of the 13C pocket. We are fully aware that there have been remarkable advances in models of AGB evolution and s-process nucleosynthesis over the past decade (see Busso et al. 1999 and references therein). Our purpose in the above discussion is not to decry the status of that Ðeld but to call attention to some uncertainties critical to our study.
The solar r-abundance of element E is calculated as
In all cases in which is small, the results for Arlandini et al. (1999) . For Y, the calculated s-process contribution exceeds its total solar inventory in the classical analysis by Arlandini et al. (1999) , and their stellar model calculations give a value for that is smaller by a factor of 3.5 than the value (Y/H) _,r assigned by et al. (1989) . Further, the division of Ka ppeler the solar inventory into s-components and r-components is not well deÐned for Sr, Y, and Zr as these elements can also be produced by the a-process that does not involve neutron capture but may occur in close connection with the rprocess in SNe II (Woosley & Ho †man 1992 Arlandini et al. (1999) from stellar models. These results represent a signiÐcant step forward from the phenomenological approach of the classical analysis, but they do not represent a full calculation of the integrated s-process production by AGB stars over Galactic history. In addition to the main s-component, the classical analysis also introduces a so-called weak s-component that is important for Sr and below (e.g., et al. 1989) . The value for Sr used Ka ppeler b _,s here is also taken from the stellar model calculations of Arlandini et al. (1999) Thus, the abundances n L \ 0). in these stars reÑect only the addition of H contributions to the P-inventory, providing a unique record for the P-and H-components. Equation (4) can be simpliÐed for UMP stars as
The value for a star can be calculated from the observed n H Eu abundance in the star by using equation (8). For example, Eu data on the UMP stars HD 122563, HD 115444, and CS 22892-052 (Westin et al. 2000 ; Sneden et al. 2000) correspond to 7, and 36 (see Table 2 ). The n H B 1, abundances of element E other than Eu in two UMP stars with di †erent provide a pair of equations in the form of n H equation (15) with two unknown parameters and log v P (E) Thus, the data on two such UMP stars (singly log v H (E). and doubly primed quantities) can be used to determine simultaneously the P-inventory and H yield of element E :
The results for Sr, Y, and Zr obtained by using the data (see Table 2 PARAMETERS FOR THE THREE-COMPONENT MODEL Table  1 for Sr, Y, and Zr. The P-inventory for elements above Zr is negligible and set to [O. The other H yields are calculated from the data on CS 22892-052 for Nb to Cd and from the standard solar r-abundances (Arlandini et al. 1999) in col. (6) (corresponding to the solar s-process fractions in col. [7] ) for Ba to Au. The L yields in col. (5) Table 2 ). The H yields n H B 1 of Sr, Y, and Zr calculated above are low, which suggests that the abundances of these elements in HD 122563 should essentially reÑect their P-inventory for this star. The observed abundances of Sr, Y, and Zr in HD 122563 (see Table 2 ) are indeed B0.2È0.3 dex higher than the log v P values in Table 3 .
The level of metallicity necessary for the formation of the Ðrst generation of normal stars is not known a priori. We have inferred from the observational data that normal astration Ðrst occurred at [Fe/H] B [3 based on the phenomenological model. Recently, Bromm et al. (2001) have shown that a gas cloud with a baryon mass of 105 M _ and Z \ 10~4 fails to undergo continued collapse and Z _ fragmentation whereas for Z \ 10~3 the cloud can col-Z _ lapse and undergo vigorous fragmentation, leading to a large relative population of low-mass clumps compared with the case of Z \ 0 (big bang debris). The phenomenological and dynamical views thus appear to be in accord for nor that of log v(E) for n H heavy r-elements produced by H events. However, elements such as Sr, Y, and Zr associated with the P-inventory are directly related to the prompt Fe production. It follows that for these elements will be shifted with log v P (E) log v P (Fe) depending on the precise value of [Fe/H] at which normal astration began. In comparing the P-components of element E for UMP stars, it is therefore necessary to correct to a standard value of [Fe/H] in order to obtain the Pinventory of element E relative to Fe. The values log v P (E) in Table 3 We have assigned the heavy r-elements above Ba (possibly including Ba) exclusively to H events with a yield template that is identical to the corresponding part of the solar r-abundance pattern (see°3.1). For these elements, including Eu whose observed abundance is used to calculate n H for a star, and
where is the number of H events that [ log n H _, n H _ \ 103 contributed to the solar inventory. The H yields of Ba to Au calculated this way have been given by QW01 and are repeated in Table 3 . The H yields of heavy r-elements other than Eu may also be directly calculated from the observed abundances of these elements in any UMP star without using their solar r-inventory. For example, CS 22892-052 with (see Table 2 (Arlandini et al. 1999 ). The long-lived log v _,r (Ba) \ 1.48 chronometers 232Th and 238U are produced along with the stable elements above Ba (possibly including Ba) in H events. The H yields of these two nuclei have been calculated by QW01 based on their solar r-abundances and are given in Table 3 . Of the stable elements above Au, only Pb has been observed in UMP and MP stars with large uncertainties (e.g., Sneden et al. 2000) . The H yields of these elements are not given here.
Besides Sr, Y, and Zr, the light r-elements Nb, Ru, Rh, Pd, Ag, and Cd have been observed in the UMP star CS 22892-052, but with signiÐcantly lower abundances relative to the solar r-abundance pattern that is translated to pass through the Eu data . This suggests that some light r-elements may be produced along with the heavy r-elements in H events, but with relative yields of light to heavy r-elements signiÐcantly smaller than the corresponding solar r-abundance ratios. If we consider that the P-inventory of Nb, Ru, Rh, Pd, Ag, and Cd is overwhelmed by contributions from the H events assigned to CS n H CS B 36 22892-052 (see Table 2 ), then the H yields of these elements can be estimated from their observed abundances, as
results were obtained by QW01, who used the observed abundance of Os instead of Eu to calculate
The Pn H CS. inventory and H yields derived above are summarized in Table 3 and shown in Figure 2 .
2.2. T he L -Component As discussed in°2.1, the P-inventory and H yields are calculated from data on two UMP stars with di †erent n H values. In this calculation, only the solar r-inventory of Eu is needed to obtain the H yield of Eu. The yields for the other elements can be directly obtained from observations of UMP stars although the yields of the other heavy relements can also be calculated by using their solar rinventory. In contrast, the L yields will be calculated by using the solar r-inventory as an essential input. This inventory was contributed by H and
n L _ \ 102 in addition to the P-inventory :
The solar r-abundance given in Table 3 log v _,r (E) (Arlandini et al. 1999 ; see°1.5 ) is used in equation (17) to FIG. 2.ÈP-inventory and H and L yields (see Table 3 ). (a) P-inventory (dot-dashed curve), the H yields (solid curve), and the standard solar r-component (dotted curve) that is translated to coincide with the H yields of Ba to Au. (b) L yields corresponding to the standard (short-dashed curve) and corrected (longdashed curve) solar r-inventory and the H yields (solid curve). The L yields of Sr and Ba only exist for the corrected solar r-inventory of these two elements. The L contributions to elements above Ba are negligible. 
calculate the L yield of element E from the and log v P (E) values in Table 3 . The resulting L yields from this log v H (E) calculation are also given in Table 3 and shown in Figure 2 . Note that for the heavy r-elements above log v L (E) \ [O Ba (possibly including Ba) as they have been exclusively assigned to H events (see°2.1).
COMPARISON OF MODEL RESULTS WITH OBSERVATIONAL DATA
The and values in Table 3 log v P (E), log v H (E), log v L (E) permit us to calculate the abundance of element E in any UMP or MP star from the model described in°1 by using only the observed Eu and Fe abundances to obtain and n H for the star (see eqs.
[4], [8], and [10] ). The calculated n L abundances are compared with the observational data in this section.
Abundances of Ba and Above in UMP and MP Stars
The comparison of model results with observational data is the simplest for the heavy r-elements above Ba (possibly including Ba) as they have been exclusively assigned to H events with a yield template identical to the corresponding part of the solar r-abundance pattern (see°2.1). As a test of this hypothesis, we consider the abundance ratios of other heavy r-elements (E) to Eu. These ratios should remain at the solar r-process values independent of [Fe/H] (i.e., the occurrence of L events) if the heavy r-elements come only from H events. Based on the data of Burris et al. (2000 ;  open squares), Johnson & Bolte (2001 ; asterisks) , and Gratton & Sneden (1994 ; Ðlled triangles) , the di †erence between the observed E/Eu and the solar r-process value of Arlandini et al. (1999) Figure 3 . The data sets of Burris et al. (2000) and Johnson & Bolte (2001) Arlandini et al. (1999) is surprising but encouraging. As La, Ce, and Pr have (see Table  b _,s Z 0.5 3), it is clear that any signiÐcant s-process addition to the ISM would drastically shift their abundances away from the nominal solar r-process values. This is not observed. We conclude that the observational data appear to justify two basic assumptions of our model : the H events dominate the production of heavy r-elements from La and above and there is no signiÐcant s-process contribution to the ISM prior to [Fe/H] D [1. The new data also support and extend the earlier observational results that the rabundance pattern above Ba in UMP stars is the same as that in the solar system (Sneden et al. 1996 Westin et al. 2000) . The need for more precise observational data on La and above is evident. Figure 3 shows that Ba/Eu exhibits systematic deviation from a constant value with increasing [Fe/H]. Johnson & Bolte (2001) have emphasized that the Ba abundance data may reÑect uncertainties in stellar atmosphere models. These uncertainties may have caused the deviation for Ba/Eu as well as the wide scatter in Nd/Eu discussed above. However, the extent to which artifacts in stellar atmosphere models would a †ect the abundance analysis for Ba and other elements remains to be investigated. On the other hand, Ba is special in that it is closer to the boundary between light and heavy r-elements. This boundary has been considered to be at A D 130 (WBG96). It was also noted that any r-process model is expected to produce the abundance peak at A D 130 with some overÑow to higher masses (Qian et al. 1998) . In this case, some contributions may be expected at and above Ba from the L events that are mainly responsible for the light r-elements. A test of such overÑow would be shifts in the abundance ratios of other heavy r-elements to Eu with increasing L contributions (i.e., increasing [Fe/H]). As discussed above, no such shifts have been observed for La (see Fig. 3) . Thus, the overÑow in L events must stop below La (A \ 139). However, Ba is below La and may be liable to the inÑuence of such overÑow, so the deviation of Ba/Eu from a constant value with increasing [Fe/H] may be caused by the L contributions to Ba. This possibility will be discussed further in°3.3.
3.2. Abundances of Sr, Y, Zr, and Ba in UMP Stars The P-inventory and H yields of Sr, Y, and Zr in Table 3 are calculated from data on HD 115444 and CS 22892-052 (both with [ Fe/H] B [3) . These results are used to calculate the Sr, Y, and Zr abundances in four other UMP stars in the sample of Burris et al. (2000) . 
The di †erence between log v obs (Zr) \ [0.06. the model results and data, * log v(E) 4 log v cal (E) is shown for the four UMP stars in the [ log v obs (E), sample of Burris et al. (2000) in Figure 4 ( Ðlled squares). Except for Sr in HD 126587, dex for all o * log v(E) o [ 0.2 other cases. We note that McWilliam et al. (1995) gave for HD 126587, which is 0.62 dex higher log v obs (Sr) \ 0.22 than the value of Burris et al. (2000) . Using the value of McWilliam et al. (1995) would bring the calculated Sr abundance of this star within 0.2 dex of the data.
With regard to Ba in UMP stars, we have calculated the abundances assuming pure H contributions and using the observed log v(Eu) to determine the value of The calcun H . lated values are in very good agreement with the observational data (see Fig. 4 , Ðlled squares). There are two issues regarding the Ba data at (see Fig. 1 ).
The low Ba abundances at compared
with the H yield of Ba (Fig. 1, dotted line) were attributed to very small admixtures of H contributions into clouds having almost pure P-inventory composition. There is also a rapid rise of log v(Ba) at
The dot-
dashed line from the model (see°3.3) that describes the FIG. 4 .ÈDi †erence between the abundances calculated from the model and the data of Burris et al. (2000) , shown as trend of data at [Fe/H] Figure 1 . The deviation (by D1È2 dex) of the data at
5 is evident. This is the wall of rapid rise described by WQ00 and was attributed to the onset of H events with no Fe production. A problem exists as to how high this rise might be if it represents a sampling of the ISM. As the H yield of Ba, is well log v H (Ba) B [1.5, established and the frequency of H events is D(107 yr)~1, it is clear that for a UMP star, log v(Ba) should not represent more H events than, say, corresponding to a n H D 20, period of D2 ] 108 yr during which an L event should occur with very high probability. Observed values of log v(Ba) representing H events but with no conn H Z 30 comitant increase in [Fe/H], such as in the cases of CS 31082-001 (Fig. 1, crosses linked by a line) and CS 22892-052 (open circle), are then attributed to contamination by an SN II H event in a binary and not to gross increases of rabundances in the ISM from which the stars formed (QW01). Surface contamination may also apply to some data at [Fe/H] [ [2.5 that lie far above the trend line in Figure 1 . Clearly, chemical enrichments by surface contamination in binary systems cannot be ignored (see Preston & Sneden 2001 ).
Abundances of Sr, Y, Zr, and Ba in MP stars
Here we focus on the discussion of MP stars. The range of [3 \ [Fe/H] \ [1 for MP stars is considered to result from addition of Fe from L events to the P-inventory. In extending the discussion from UMP stars with no contributions from L events to MP stars with such contributions, estimates of the L yields play an essential role. The L yields, are calculated from the values of log v L (E), log v _,r (E), and given in Table 3 . The abundances of log v P (E), log v H (E) Sr, Y, and Zr are then calculated from the model by using the P-inventory and H and L yields together with the observed log v(Eu) and [Fe/H] for the MP stars in the sample of Burris et al. (2000) . Burris et al. (2000) in Figure 4 (open squares). It can be seen that the model systematically underestimates Sr, Y, and Zr abundances at
As these metallicities cor-
respond to increasing contributions from L events, we consider that this systematic deviation is possibly caused by errors in the L yields of Sr, Y, and Zr as determined from the solar r-inventory.
Note that the solar r-abundance of Sr assigned by Arlandini et al. (1999) is saturated by the contributions from H events and thus does not allow any L contribun H _ \ 103 tions to Sr. However, the solar r-abundances of Y and Zr assigned by the same authors allow substantial L contributions to these two elements (see Table 3 ). As Sr, Y, and Zr are close in atomic mass, it is rather difficult to explain why L events can produce Y and Zr but no Sr. It seems more likely that the standard solar r-abundances of Sr, Y, and Zr are too uncertain to give reliable L yields for these elements. As discussed in°1.5, the solar r-process fraction for element E can have quite large errors
is close to unity as for Sr, Y, and Zr (see Table  b _,s (E) 3). We now consider that the solar r-inventory of Sr, Y, and Zr given by Arlandini et al. (1999) and adopted above may be increased by factors of 6.3, 3.5, and 3, respectively, to obtain a "" corrected ÏÏ solar r-inventory and the log v _,r corr(E) corresponding values in Table 3 Fig. 4, Ðlled circles) . The problems and issues that are raised by the hypothesized shifts in for Sr, Y, and Zr will be discussed in°4. It has been b _,s (E) well known for some time that the abundances of Sr, Y, and Zr in UMP and MP stars cannot be explained by any standard nucleosynthetic models (M. Busso & R. Gallino 2001, private communication) . We note that the Pinventory, H yields, and corrected L yields of these elements given here follow approximately the same relative production pattern with a signiÐcant dip at Y. This is not the case if the standard values for Sr, Y, and Zr are used. b _,s If we assign r-process production of Ba exclusively to H events, the Ba abundance in an MP star can be calculated as where
Ba) be obtained from the solar r-inventory of Ba for n H _ \ 103 or from the data on CS 22892-052 with essentially the same result (see°2.1 and Table 3 ). The di †erence between the calculated results and data of Burris et al. (2000) , is shown as a Figure 4 (open squares). Note that * log v(Ba) lies signiÐcantly below zero at This is the same as found for Sr, Y, [2.5 [ [Fe/H] \ [1. and Zr. As indicated above, this result follows whether we calculate by using the data on a UMP star or by log v H (Ba) attributing the standard solar r-inventory of Ba from Arlandini et al. (1999) to H events. If we consider that n H _ \ 103 the solar r-inventory of Ba assumed above is too small and that L events contribute some Ba, we may Ðnd a change that could eliminate the discrepancy. Using log v H (Ba) B [1.57 calculated from the data on CS 22892-052 (see°2.1) and increasing the solar r-inventory of Ba by a factor of 2 from the value given by Arlandini et al. (1999) , we obtain (see eq.
[17]). We then recalculate log v L corr(Ba) B [0.47 from equation (4) by including the contributions log v cal (Ba) to Ba from L events. The recalculated * log v(Ba) is shown in Figure 4 ( Ðlled circles). It can be seen that the model results with Ba contributions from L events represent data quite well over This also accounts
for the trend of Ba/Eu (see°3.1 and Fig. 3) found by Burris et al. (2000) and Johnson & Bolte (2001) Figure 1 .
As an independent test, we may calculate from log v L (Ba) data on HD 126238 (Gratton & Sneden 1994) , which is not in the sample of Burris et al. (2000) . In this calculation the part of the solar Fe inventory contributed by SNe II is used to determine the L yield of Fe, and hence but the solar n L , r-inventory of Ba is not used. The value of is log v L (Ba) Burris et al. (2000) without using the solar r-inventory of Ba is in accord with the value obtained by changing this inventory to Ðt the data of Burris et al. (2000) on a large sample of MP stars. We consider the above direct calculation and the problem of Ðtting the Ba data as some evidence indicating that the standard solar r-inventory of Ba may require revision. The required change in this inventory by a factor of 2 is not within the 1 p error band for given Arlandini et al. (1999) To test further the model with corrected solar r-inventory of Sr, Y, Zr, and Ba, we apply it to the data sets of Magain (1989) and Gratton & Sneden (1994) that are distinct from the data set of Burris et al. (2000) . The di †erence between the model results and data, * log v(E) 4 log v cal (E) is shown for Sr, Y, Zr, and Ba as a function of Figure 5 . It can be seen that by using the corrections made to the solar r-inventory for these elements based on the data set of Burris et al. (2000) , the model describes the data sets of Magain (1989) and Gratton & Sneden (1994) equally well dex in most cases). Thus, ( o * log v(E) o [ 0.2 we consider that the model presented above at least represents a very good parametric Ðt to the observational data on UMP and MP stars from several groups. It also seems possible that the model has deeper implications for sprocess and r-process nucleosynthesis models and for the chemical evolution of the Galaxy. 
, that by using the corrected solar r-inventory for these elements based on the data set of Burris et al. (2000) , the model describes the two di †erent data sets shown in this Ðgure equally well. We estimate the uncertainties in the calculated abundances to be B0.2 dex. These are comparable to the uncertainties in the data of Magain (1989) and Gratton & Sneden (1994 The two types of SNe II correspond to the other two components of the model. They are the high-frequency H events that produce mainly heavy r-elements but no Fe and the low-frequency L events that produce mainly light r-elements (with and Fe. The A [ 130) composition of the P-inventory and the yield templates of H and L events are assumed to be Ðxed and distinct from each other. This allows the deconvolution of observational data to establish quantitatively the P-inventory and H and L yields. The basic input for this procedure is the observational data on two UMP stars and the solar rabundances.
The element Eu commonly observed in UMP and MP stars is essentially a pure r-element. As Eu and all the other heavy r-elements above Ba are attributed exclusively to H events, it is convenient to use the observed Eu abundance in a UMP or MP star to identify the H contributions to the abundances in the star (any other heavy r-element above Ba can also be used for this purpose). The H yield of Eu is calculated from its solar r-abundance by using the number of contributing H events for the solar inventory, which can be estimated from the frequency of these events. Fig. 4 , Ðlled squares). The P-inventory represents the sum of contributions from the Ðrst generations of very massive stars. We consider that the P-inventory of Sr, Y, and Zr reported here is reliable and may serve as a guide in evaluating models of nucleosynthesis for these stars.
The H yields of heavy r-elements above Ba other than Eu can be calculated from the solar r-abundances as in the case of Eu or from the observed abundances in a UMP star by using the observed Eu abundance to obtain the number of contributing H events for the star. These two approaches give e †ectively the same results as the r-abundance pattern above Ba observed in UMP stars is the same as that in the solar system. For MP stars with [3 \ [Fe/H] \ [1, their Fe abundances reÑect contributions from L events. In general, the abundances in these stars are governed by P, H, and L contributions. For the heavy r-elements above Ba that only have H contributions in our model, the abundance ratios of the other heavy r-elements to Eu in MP stars are close to the solar r-process values assigned by Arlandini et al. (1999) over a wide range in [Fe/H] (see Fig.   3 ). For other elements that have L contributions, their L yields are estimated from their solar r-abundances, Pinventory, and H yields by using the numbers of contributing H and L events for the solar inventory. The abundances of these elements in an MP star can then be calculated from the three-component model by using the observed Eu and Fe abundances to obtain the numbers of contributing H and L events for the star. By comparing the model results with the observational data on D30È40 MP stars in the sample of Burris et al. (2000) , it is found that to match the Sr, Y, Zr, and Ba data requires major changes in the solar r-abundances of these elements assigned by Arlandini et al. (1999) (see Table 3 and Fig. 4) . The model with a set of corrected solar r-abundances for these elements determined by Ðtting the data set of Burris et al. (2000) is shown to describe the two di †erent data sets of Magain (1989) and Gratton & Sneden (1994) equally well over a wide range in [Fe/H] (see Fig. 5 ). All of the data sets on Ba exhibit increases of Ba/Eu above the standard solar r-process value with increasing [Fe/H] . This can be explained by the increasing contributions to Ba from L events that do not produce Eu based on the model with the corrected solar r-abundance of Ba.
In summary, by using the P-inventory, H yields, and L yields (see Table 3 and Fig. 3 ) that are obtained from the data on two UMP stars, the corrected solar r-abundances for Sr, Y, Zr, and Ba, and the standard solar r-abundances of Arlandini et al. (1999) The fundamental question arises as to whether the corrected solar r-abundances for Sr, Y, Zr, and Ba can be justiÐed in terms of nuclear astrophysical considerations. All the other elements do not seem to require a signiÐcant shift in their solar r-inventory. It is shown that the model is robust insofar as the relative yield patterns for H and L events are Ðxed. Changes in the absolute yields (but not the relative yields) do not change the patterns but only the numbers of contributing H and L events for a star. The requirement for a large shift in the solar r-inventory for Sr, Y, Zr, and Ba then remains unchanged in this case. With regard to contributions from other sources, we note that the observational data on La, Ce, and Pr with solar s-process fractions of show no evidence of signiÐcant sb _,s Z 0.5 process contributions to the ISM at [Fe/H] \ [1. Thus, possible s-process additions to the ISM from AGB stars are unimportant at [Fe/H] \ [1 and cannot a †ect the required changes in the solar r-inventory for Sr, Y, Zr, and Ba. We note that extremely high s-process enrichment has been observed in LP 625-44 with [Fe/H] \ [2.7 (Aoki et al. 2000) . However, this s-process enrichment does not reÑect the composition of the ISM at [Fe/H] \ [2.7 from which the star formed but is due to surface contamination by mass transfer from the binary companion of the star. Further, the observed [Fe/H] in the star only indicates the formation time of the binary but does not correspond to the much later occurrence of s-processing in the AGB companion.
It is possible that some other aspects of the model not considered in the preceding discussion cause the disagreement between the model results and observational data for Sr, Y, Zr, and Ba when the "" standard ÏÏ solar r-inventory for these elements is used. For example, the relative yields of the pertinent elements may not be Ðxed as assumed but may vary from one H or L event to another. In this case, the H and L contributions to the abundances in a star cannot be identiÐed simply by using the observed abundances of Eu and Fe in the star. The problem of abundances in UMP and MP stars would then require a totally di †erent approach. Unless confronted with new data that indicate otherwise, we adhere to the basic assumption of constant relative yields for H or L events and consider the following obvious alternatives to explain the disagreement referred to above : (1) there are some systematic shifts in the observational data provided by several groups for Sr, Y, Zr, and Ba as a function of [Fe/H] , perhaps due to uncertainties in the stellar atmosphere models as suggested by Johnson & Bolte (2001) for Ba ; or (2) there are intrinsic errors in the solar rinventory for Sr, Y, Zr, and Ba.
The observed Ba/Eu shows a regular increase above the standard solar r-process value with increasing [Fe/H]. However, the H yield of Ba calculated from the data on a UMP star is in exact agreement with its solar r-abundance assigned by Arlandini et al. (1999) if there are no L contributions to Ba. This suggests that the observed shifts in Ba/Eu with increasing [Fe/H] are the result of an artifact in abundance analysis that also depends on [Fe/H] . We Ðnd it difficult to understand how artifacts in analysis of the observational data would cause large shifts in abundance only for Ba without having large e †ects on other elements. If the Ba problem is due to such an artifact, then the remaining inconsistency for Sr, Y, and Zr may be accounted for by the acceptable s-process uncertainties and hence errors in the solar r-inventory for these elements. We emphasize that for Sr, Y, and Zr, the values calculated from s-process b _,s models are all close to unity and lie in a region where serious uncertainties or errors may exist as has long been recognized by experts in s-process modeling. If the Ba problem is not due to artifacts in the abundance analysis, then the matter is not simply clariÐed without changing the standard solar r-abundance of Ba. The case of Ba is similar to that of Sr, Y, and Zr as is also close to unity. b _,s (Ba) However, Ba lies in a region where the main s-component is dominant and is subject to more constraints than Sr, Y, and Zr. At present, the solution to this problem is not evident. However, there is a legitimate basis to consider that the solar r-component obtained by subtracting the scomponent is subject to real uncertainties for elements such as Sr, Y, Zr, and Ba with predominant s-process contributions to their solar inventory. The solar s-component used here corresponds to an average of the s-process yields from models of 1.5 and 3 AGB stars with Z \ 0.5 that M _ Z _ best reproduces the classical main s-component (Arlandini et al. 1999) . In fact, the solar s-component is the integral of long-term Galactic chemical evolution starting with lowmetallicity AGB stars. Researchers in the Ðeld are fully aware of this matter. The solar r-component derived from the subtraction procedure inherits all the uncertainties in the s-component calculated from models. A reliable ab initio calculation of the solar r-component based on models of SNe II and Galactic chemical evolution remains to be pursued. Critical attention to the investigation of s-process and r-process nucleosynthesis indicated above is required to sort out the problems.
In any case, based on the observations of UMP stars, the P-inventory produced by the Ðrst generations of very massive stars and yields of SN II H events appear to be well established. This constitutes a prediction of what nucleosynthetic models for very massive zero-metallicity stars and for the common SNe II should produce. By using the threecomponent model with corrected solar r-abundances for Sr, Y, Zr, and Ba and the standard values for other elements, the abundances of a large number of elements in stars with can be calculated very simply from the [3 [ [Fe/H] \ [1 observed Eu and Fe abundances. Whether this model is a reasonable physical description of Galactic chemical evolution for r-elements or is a parametric description with alternative explanations cannot be answered at present.
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